liquid (at top and bottom) to serve as electrodes. A standard high voltage power supply (Trek 610E) provides an electric potential difference on the order of 3 kV over approximately 1 cm. No special circuitry is used to generate a rapid rise time in the field strength; because of the insulating oil, the current density is effectively zero until the Taylor cone contacts the electrode, providing ample time for the applied potential to reach its specified value. The movies were recorded using a Phantom v7.3 camera capturing at 14,000 frames per second (fps). The entire apparatus (excluding camera) was enclosed in a transparent 'blast shield' composed of 1-inch thick plexiglass.
The fluid dynamics video contains several segments that illustrate the observed behavior. The first segment demonstrates the growth of a Taylor cone at relatively high magnification, played back at 20 fps. The water contains 1 M KCl, the oil is 500 cSt polydimethyxlsiloxane (PDMS), and the applied potential is 3 kV. Note that at the late stages, the 'cone' tip stretches toward the electrode and makes contact.
The behavior after contact is demonstrated in the next series of movie segments, which illustrate four separate experiments: three with various oil/water combinations, and one with air/water to provide contrast. The experimental details are as follows:
(1) Low Field, High Viscosity, High Salt: The applied potential is 3 kV, the oil viscosity is 500 cSt, and the salt concentration in the water is 1 M KCl. Upon contact, an explosion occurs with a shockwave propagating radially outward from the electrode tip. The shockwave ultimately causes the plastic container to fail along the seams at each corner. The field of view is 2.5 x 5.0 cm, and the original capture rate was 14,000 fps played back here at 10 fps.
(2) High Field, Low Viscosity, High Salt: The applied potential is 4.5 kV, the oil viscosity is 10 cSt, and the salt concentration is 1 M KCl. Under these conditions a qualitatively more powerful explosion occurs compared to experiment 1. The force of the explosion is more localized, effectively shattering the plastic container in the vicinity the electrode tips. Note that a few 'glowing debris' fly through the field of view; the nature of these objects is unclear.The field of view is 2.5 x 5.0 cm, and the original capture rate was 14,000 fps played back here at 20 fps.
(3) Low Field, High Viscosity, Low Salt: The applied potential is 3 kV, the oil viscosity is 500 cSt, and the salt concentration is 10 −3 M KCl. Upon contact, a pronounced 'arc' develops in the tip of the Taylor cone, which subsequently explodes. At this lower salt concentration, however, the resulting explosion is much weaker: the plastic container does not fracture or shatter. The field of view is 1.3 x 2.7 cm, and the original capture rate was 14,000 fps played back here at 20 fps.
(4) High Field, Inviscid (air), High Salt: The applied potential is 3 kV, the insulating fluid on top is air, and the salt concentration is 1 M KCl. In contrast to the oil/water interface, at these field strengths the electric driving force is insufficient to deform the air/water interface into a Taylor cone. Instead, the interface remains flat and eventually dielectric breakdown of the air occurs, ultimately causing the water to 'splash' up and around the electrode. Multiple dielectric breakdown events ('sparks') continue to occur chaotically as the water droplets 'short out' the system intermittently, but ultimately the plastic container is undamaged. The field of view is 1.3 x 2.7 cm, and the original capture rate was 14,000 fps played back here at 75 fps.
The above observations raise several interesting questions about shockwave propagation in viscous multiphase fluids and about the influence of ionic conductivity on arc generation within Taylor cones. For anyone interested in reproducing these experiments, however, we offer the following notes of caution:
1. The explosion can cause jagged shards to fly across the room (> 20 feet). The use of a blast shield and eye protection is strongly recommended.
2. The explosion itself causes a startlingly loud 'cracking' noise. Ear protection is recommended.
3. Very high current densities (> 100 mA) occur transiently during the explosion. Standard precautions for handling high voltages and currents are imperative to prevent electrocution.
Additional movies illustrating the phenomena are available upon request. Please contact William Ristenpart at wdristenpart@ucdavis.edu for more information.
